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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


BRIEF  ASSESSMENT  OF  GENERAL  CONDITION 

AND 

RECOMMENDED  ACTION 


Name  of  Dam: 
Owner: 

State  Located: 


County  Located: 
Stream: 


Elmhurst  Dam  (NDS  ID  No.  296) 

Pennsylvania  Gas  and  Water  Company 

Pennsylvania 

Lackawanna 

Roaring  Brook 


Date  of  Inspection:  10  April  1978 


Inspection  Team: 


Gannett  Fleming  Corddry  and  Carpenter,  Inc. 
Consulting  Engineers 
P.O.  Box  1963 

Harrisburg,  Pennsylvania  17105 


Based  on  the  visual  inspection,  available  records,  calculations 
and  past  operational  performance,  Elmhurst  Dam  is  Judged  to  be  in 
good  condition.  However,  the  spillway  (stone  masonry  gravity  and 
concrete  chute)  will  not  pass  the  Probable  Maximum  Flood  (PMF)  with- 
out overtopping  the  dam.  Therefore,  based  on  criteria  established  for 
these  studies  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers  (OCE),  the  spillway  capacity  is  rated  as  Inadequate.  The 
spillway  will  pass  one-half  the  PMF  without  overtopping  the  dam. 
Therefore,  based  on  the  OCE  criteria  established  for  these  studies, 
the  spillway  capacity  is  n »t  rated  as  seriously  Inadequate.  The 
existing  spillway  can  accommodate  a flood  with  a peak  inflow  of 
80  percent  of  the  PMF  peak  flow.  — 


^->Due  to  the  potential  for  overtopping  of  the  dam,  it  is  recommended 
that  the  Owner  develop  a detailed  emergency  operation  and  warning 
system  for  Elmhurst  Dam  as  soon  as  practical. 
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In  order  to  correct  operational,  maintenance  and  repair  defi- 
ciencies and  to  more  accurately  determine  the  condition  of  the  dam, 
the  following  measures  are  recommended  to  be  undertaken  by  the 
Owner  in  a timely  manner: 

(1)  Repair  stone  masonry  to  eliminate  leakage  through 
downstream  face  of  gravity  section  of  dam,  gatehouse  walls,  and  left 
abutment  wall.  Repair  deteriorated  stone  masonry  along  top  3 feet  of 
left  abutment  wall. 

(2)  Operate  the  valves  on  the  gated  outlets  periodically  to 
ensure  they  will  be  functional  during  emergency  conditions.  Lubricate 
the  operating  mechanisms  and  repair  or  replace  hazardous  access 
facilities. 


(3)  Repair  concrete  extensions  on  right  abutment  wall  and 
left  abutment  wall. 

(4)  Monitor  right  wall  of  concrete  chute  spillway  for 

movement . 

(5)  Evaluate  effect  of  possible  improper  functioning  of  con- 
crete chute  spillway  wall  drain  with  respect  to  design  function.  If 
drain  must  be  functional,  install  several  observation  wells  in  the  drain 
to  determine  the  extent  of  hydrostatic  pressure  on  the  wall  and  to  deter- 
mine if  repairs  to  the  drain  are  necessary.  If  installed,  monitor  wells 
to  see  if  condition  worsens. 

(6)  Perform  repairs  on  surface  runoff  control  system,  outlet 
channel  left  wall,  concrete  apron  joint  below  masonry  gravity  spillway, 
and  hole  at  base  of  concrete  chute  spillway  right  wall. 

The  following  measures  are  recommended  to  be  undertaken  by  the 
Owner  when  the  need  arises: 

(1)  Provide  round-the-clock  surveillance  of  Elmhurst  Dam 
during  periods  of  unusually  heavy  rains. 

(2)  When  warnings  of  a storm  of  major  proportions  are  given 
by  the  National  Weather  Service,  the  Owner  should  activate  his  emer- 
gency operation  and  warning  system  procedures. 


GANNETT  FLEMING  CORDDRY  AND  CARPENTER,  INC. 


A.  C.  HOOKE 
Head , Dam  Section 
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ELMHURST  DAM 


Elmhurst  Dam  — Looking  Upstream 


SUSQUEHANNA  RIVER  BASIN 
ROARING  BROOK . LACKAWANNA  COUNTY 
PENNSYLVANIA 

ELMHURST  DAM 

PENNSYLVANIA  GAS  AND  WATER  COMPANY 
(NDS  ID  No.  296) 

PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 

SECTION  1 

PROJECT  INFORMATION 


1.1  General . 

a.  Authority . The  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a program  cf  inspection  of  dams  throughout  the  United 
States. 

b.  Purpose.  The  purpose  of  the  inspection  is  to  determine 
if  the  dam  constitutes  a hazard  to  human  life  or  property. 

1.2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Elmhurst  Dam  consists  of  the 
following  primary  features:  an  earthfill  structure  with  a central 
masonry  core  wall  and  a masonry  gravity  section  that  comprise  the 
main  part  of  the  dam,  a masonry  gravity  structure  extending  upstream 
that  forms  the  left  abutment  wall,  a low  earthfill  structure  with  a 
masonry  core  wall  extending  upstream  that  forms  the  right  abutment 
wall,  a masonry  gravity  overflow  spillway,  a concrete  chute  spillway 
constructed  on  the  embankment  to  the  right  of  the  masonry  gravity 
spillway,  an  earthfilled  pier  separating  the  spillways,  and  a large 
concrete  apron  to  serve  both  spillways.  Control  facilities  are  located 
on  the  left  side  of  the  masonry  gravity  spillway  and  include  an  intake 
structure  located  about  90  feet  upstream  of  the  dam  in  the  reservoir, 
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an  approach  channel  and  tunnel  connecting  the  intake  structure  to  a 
screen  chamber  containing  two  conduit  intakes  located  at  the  upstream 
face  of  the  gravity  section,  another  section  of  masonry  tunnel,  and 
three  gatehouses  located  downstream  of  the  masonry  gravity  section  of 
the  dam,  again  connected  by  a masonry  tunnel.  Two  emergency  conduits, 
a 48-inch  cast-iron  pipe,  and  a 36-inch  cast-iron  pipe  are  controlled 
from  the  two  lower  gatehouses.  Various  features  of  the  dam  are  shown 
on  the  Plates  at  the  end  of  the  report  and  on  the  Photographs  in 
Appendix  D. 

b.  Location.  The  dam  is  located  on  Roaring  Brook  in  Lacka- 
wanna County,  Pennsylvania,  about  11  miles  southeast  of  Scranton, 
Pennsylvania.  Elmhurst  Reservoir  is  shown  on  USGS  Quadrangle  Sheet, 
Moscow,  Pennsylvania,  with  coordinates  N41°22'45"  -E75°3r50". 

The  location  map  is  shown  on  Plate  1.  Reservoirs  located  upstream  of 
Elmhurst  Dam  include  Curtis  Dam,  located  about  1.4  miles  upstream  on 
White  Oak  Run;  Hollister  Dam,  which  presently  does  not  impound  any 
water;  and  Lake  Henry,  a very  small  impoundment  located  well 
upstream  on  Roaring  Brook. 

c.  Size  Classificatic  . Intermediate  (64  feet  high, 

3 , 744  acre-feet) . 

d.  Hazard  Classification.  High  hazard. 

e.  Ownership.  Pennsylvania  Gas  and  Water  Company, 
Wilkes-Barre,  Pennsylvania. 

f.  Purpose  of  Dam.  Water  supply  for  Dunmore  and  Scranton, 
Pennsylvania. 

g.  Design  and  Construction  History.  The  dam  was  designed 
for  the  Scranton  Gas  and  Water  Company  by  E.  Sherman  Gould,  Con- 
sulting Engineer,  in  1887.  Construction  was  completed  in  November 
1889.  In  1899,  for  the  purpose  of  increasing  storage  capacity,  the 
masonry  gravity  spillway  and  core  wall  were  raised  3 feet  and  the 
embankment  was  raised  1 foot.  In  1902,  the  right  abutment  wall  was 
raised  to  the  same  elevation  as  the  top  of  the  dam  and  was  extended 
accordingly.  The  left  abutment  wall  was  raised  to  within  1 foot  of  the 
top  of  dam.  A 10-inch  wall  drain  was  also  constructed  along  the  back 
face  of  the  left  abutment  wall.  No  records  of  design  were  reviewed 
for  these  modifications.  In  1914,  the  Water  Supply  Commission  of 
Pennsylvania  performed  a study  of  the  principal  features  of  Elmhurst 
Dam  that  included  stability,  hydrologic,  and  hydraulic  analyses.  As 
a result  of  the  study,  improvements  for  the  safety  of  the  dam  were 
recommended  to  the  Owner.  These  improvements  were  completed  in 
1916  and  Included  the  following:  the  masonry  gravity  spillway  height 
was  reduced  by  3 feet,  and  the  upper  level  of  the  masonry  gravity 
spillway  was  strengthened  by  drilling  vertical  holes  and  grouting  steel 
bars  in  them  near  the  upstream  face . The  dam  functioned  satisfactorily 
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until  the  flood  of  August  1955,  which  was  caused  by  Hurricane  Diane 
and  is  the  flood  of  record  at  Elmhurst  Dam.  During  that  flood,  the  left 
abutment  wall  was  overtopped  by  6 inches  and  was  severely  undermined. 
Maximum  water  level  was  within  6 inches  of  top-of-dam  elevation.  The 
adjacent  railroad  trackage  was  damaged  and  had  to  be  re-built.  The 
masonry  apron  below  the  masonry  gravity  spillway  also  suffered  major 
damage.  After  that  flood,  repairs  and  improvements  were  completed  in 
1958  and  included  the  following:  a concrete  chute  spillway  was  con- 
structed on  the  embankment  adjacent  to  the  masonry  gravity  spillway, 
the  damaged  masonry  apron  was  repaired  by  placing  a concrete  slab 
over  it  and  the  apron  was  extended  across  the  width  of  the  concrete 
spillway,  a deep  cutoff  wall  was  constructed  at  the  downstream  end  of 
the  apron,  the  left  abutment  wall  was  raised  with  concrete  to  the  eleva- 
tion of  top  of  dam  and  a concrete  apron  was  placed  along  the  left  abut- 
ment wall  just  under  the  backfill.  Records  of  construction  and  design 
data  are  on  file  for  these  improvements  and  repairs.  The  engineering 
was  performed  by  Thomas  H.  Wiggin,  Consulting  Engineer,  of 
New  York,  New  York.  The  concrete  spillway  was  model  tested  at  the 
Alden  Hydraulic  Laboratory,  Worcester  Polytechnic  Institute, 

Worcester,  Massachusetts. 

h.  Normal  Operational  Procedures.  The  valves  for  the  3 6 -inch 
water  supply  line,  located  in  the  upper  gatehouse,  are  normally  open, 
and  the  valve  in  the  lower  gatehouse  is  normally  open,  thus  allowing 
withdrawal  of  water  into  the  water  distribution  system.  Another 
36-inch  valve,  which  is  in  the  lower  gatehouse  and  would  allow  the 
36-inch  line  to  serve  as  an  emergency  conduit,  is  normally  closed. 

The  48-inch  valve  located  in  the  middle  gatehouse  on  the  emergency 
conduit  is  normally  closed,  but  during  periods  of  low  flow,  it  is  par- 
tially opened. 

1.3  Pertinent  Data. 

a.  Drainage  Area.  37.3  square  miles. 

b.  Discharge  at  Damslte.  (cfs.) 

Maximum  known  flood  at  damslte  - 14,500 
(estimated  - August  1955). 

Emergency  drawdown  lines  at  maximum  pool  elevation  - 
840  (approximate) . 

Total  spillway  capacity  at  maximum  pool  elevation  - 31,000. 

c.  Elevation.  (Feet  above  msl.) 

Top  of  dam  - 1431.5. 

Maximum  pool  (top  of  dam)  - 1431.5. 

Normal  pool  (spillway  crest  - masonry  and  concrete 
spillways)  - 1422.5. 

Upstream  tunnel  invert  outlet  works  - 1378.5. 
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c.  Elevation.  (Feet  above  msl.) (Cont'd .) 

Upstream  invert  48-inch  cast-iron  pipe  - 1380.0. 

Upstream  invert  3 6 -inch  cast-iron  pipe  - 1385.5. 

Downstream  invert  48-inch  cast-iron  pipe  - 1378.6. 

Downstream  invert  36-inch  cast-iron  pipe  - 1378.1. 

Streambed  (near  outlet  works)  - 1368.0  (approximate). 

d.  Reservoir  Length.  (Miles.) 

Normal  pool  -1.1. 

Maximum  pool  - 1.2. 

e.  Storage . (Acre-feet.) 

Normal  pool  (spillway  crest)  - 2,115. 

Maximum  pool  (top  of  dam)  - 3,744. 

f.  Reservoir  Surface.  (Acres.) 

Normal  pool  (spillway  crest)  - 181. 

Maximum  pool  (top  of  dam)  - 185  (approximate). 

g.  Dam. 

Type  - Combination  homogeneous  earthfill  with  central 
masonry  core  and  masonry  gravity  structure. 

Length  - 380  feet  (total,  including  spillways). 

Height  - 64  feet. 

Top  Width  - Variable . 

Side  Slopes  - Upstream  - IV  on  3.5H. 

Downstream  - IV  on  2. 5H. 

Zoning  - Homogeneous  earthfill. 

Central  masonry  core. 

Cutoff  - Central  masonry  core  on  concrete  foundation  on 
bedrock  10  feet  below  original  ground.  Masonry 
gravity  structure  on  concrete  foundation  on  bedrock 
6 feet  below  original  ground.  Spillway  on  central 
core  wall  or  concrete  foundation  upstream  face  down 
8 feet  into  rock.  Upstream  embankment  designed  as 
cutoff. 

Grout  Curtain  - None. 


-4- 


i 


h.  Diversion  and  Regulating  Tunnel. 

Type  - Intake  structure  - 6 feet  wide,  46  feet  high. 

Masonry  tunnel  - 6 feet  wide,  16  feet  high. 

Screen  chamber  - 6 feet  wide,  50  feet  high. 

Cast-iron  pipe  (CIP)  - 48-inch  diameter. 

36-inch  diameter. 

Length  - Intake  structure  - 5 feet. 

Masonry  tunnel  - 55  feet. 

Screen  chamber  - 16  feet. 

48-inch  CIP  - 100  feet. 

36-inch  CIP  - 200  feet. 

Closure  - Intake  structure  - none. 

Masonry  tunnel  - four  8'  x 5'  wooden  bulkheads. 
48-inch  CIP  - two  manually  operated  48-inch  diameter, 
1-1/2  threads  per  inch  (tpi) , rising  stem,  horizon- 
tal gate  valves  with  5.86  to  1 exposed  beveled 
spur  and  pinion  gear  reducers. 

3 6 -inch  CIP  - two  manually  operated  36-inch  diameter, 
1-1/2  tpi  rising  stem,  horizontal  gate  valves  with 
5.86  to  1 exposed  beveled  gearing;  one  manually 
operated  36-inch,  2 tpi  rising  stem,  vertical  gate 
valve,  5.86  to  1 exposed  beveled  gear  reducer 
with  1-1/2  to  1 chain  drive  reducer. 

Access  - Intake  structure  - none. 

Tunnel,  screen  chamber,  and  cast-iron  pipes  - slot 
provided  in  intake  structure  to  close  tunnel  portal 
with  wooden  bulkhead . 

Regulating  Facilities  - Gate  valves  for  48-inch  and  36-inch 
lines  in  valve  chambers  immediately  downstream  from 
screen  chamber  and  60  feet  downstream  from  screen 
chamber.  Gate  valves  for  36-inch  line  in  gatehouse 
90  feet  downstream  from  screen  chamber. 

i.  Spillway. 

Type  - Masonry  gravity  and  concrete  chute. 

Length  of  Weirs  - Masonry  gravity  - 153.3  feet. 

Concrete  chute  - 136.0  feet. 

Total  - 298.3  feet. 

Crest  Elevation  - Masonry  gravity  - 1422.5. 

Concrete  chute  - 1422.5. 
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i.  Spillway.  (Cont'd.) 

Upstream  Channel  - IV  on  3.5H,  1.5  feet  thick,  rock-lined 

up  to  weir  crest.  . , , . 

DownstreamChannel  - The  natural  channel  below  the  aam 

is  straight;  tKeleft  bank  is  protected  with  Derrick  stone 

except  for  a short  reach;  and  the  right  bank  is  unprotected . 

j.  Regulating  Outlets.  None  other  than  outlet  works. 
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SECTION  2 


ENGINEERING  DATA 


2 . 1 Design. 

a.  Data  Available.  Very  little  engineering  data  was  available 
for  review  for  the  original  structures  or  for  the  1899  and  1902  modifica- 
tions. In  a study  performed  in  1914  by  the  Pennsylvania  Water  Supply 
Commission,  an  account  of  design  concepts,  geology,  construction 
materials  and  methods,  and  design  features  was  prepared  for  the  ori- 
ginal structure  from  interviews  with  the  Owner,  from  visual  inspection, 
and  from  other  sources.  The  1914  study  also  included  analyses  for  hy- 
droloty,  hydraulics,  and  stability  of  the  principal  features.  Loading 
assumptions  and  summaries  of  results  for  the  analyses  are  on  file. 

This  study  and  subsequent  ones  made  in  1915  to  confirm  the  results 
were  the  bases  for  the  recommendations  for  the  spillway  improvements 
made  in  1916.  Stability  computations,  a report  on  a model  test  (Photo- 
graphs I and  I),  and  other  design  data  are  available  for  the  concrete 
chute  spillway  that  was  added  in  195  8.  The  model  test  was  for  both 
the  masonry  gravity  spillway  and  concrete  chute  spillway.  It  was  per- 
formed at  Alden  Hydraulic  Laboratory,  Worcester  Polytechnic  Institute, 
Worcester,  Massachusetts. 

b.  Design  Features . The  drawings  indicate  that  the  main  sec- 
tion of  the  dam  is  a combination  of  earth  embankment  at  the  right  abut- 
ment and  masonry  gravity  section  at  the  left  abutment.  A general  plan 
is  shown  on  Plate  1A.  The  embankment  is  a homogenous  earthfill 
structure  with  a central  masonry  core  wall.  The  bottom  of  the  core 
wall  is  6 to  10  feet  below  the  original  ground  line.  The  core  wall  is 
on  concrete  footings  which  are  founded  on  clay.  The  embankment 
section  is  about  160  feet  long  and  64  feet  high  at  the  original  stream- 
bed.  Embankment  sections  are  shown  on  Plate  2.  The  masonry  grav- 
ity section  of  dam  is  about  70  feet  long  and  about  75  feet  high  and  is 
founded  on  rock  (Photograph  K) . 

The  right  abutment  wall  ties  into  the  masonry  core  wall  of 
the  embankment  section  and  extends  upstream  about  1,050  feet.  The 
wall  is  masonry  and  has  a level  earth  backfill  on  the  landside  and  a 
sloping  earth  backfill  on  the  reservoir  side.  The  wall  projects  1 foot 
above  the  backfill.  The  top  elevation  of  the  wall  is  the  same  as  top 
of  dam  elevation. 

The  left  abutment  wall  ties  into  the  masonry  gravity  section 
of  the  dam  and  extends  upstream  about  1,250  feet.  Wall  sections  are 
shown  on  Plate  8,  and  the  wall  is  also  shown  on  Photograph  A.  The 
wall  is  masonry  and  has  a level  earth  backfill  on  the  landside  and  no 
fill  on  the  reservoir  side.  There  is  a 1-foot  high  concrete  extension 
on  top  of  the  wall.  The  wall  projects  0 to  15  feet  above  the  backfill. 
The  top  elevation  of  the  wall  is  the  same  as  top  of  dam. 


To  the  right  of  the  masonry  gravity  section  of  the  dam  is  a 
masonry  gravity  spillway  that  is  153.3  feet  long  and  65  feet  high 
(Fhotographs  B and  G) . The  left  side  of  the  spillway  is  founded  on 
rock  and  the  right  side  is  founded  on  a concrete  footing  that  was 
placed  on  clay.  In  1916,  the  spillway  was  strengthened  with  38 
1-1/2 -inch  diameter,  3 2 -foot  long,  twisted  steel  bars  grouted  in 
3-inch  diameter  holes  located  1.5  feet  from  the  upstream  face.  The 
masonry  gravity  spillway  section  and  strengthening  details  are  shown 
on  Plates  3 and  4,  respectively. 

To  the  right  of  the  masonry  gravity  spillway  is  a concrete 
chute  spillway  with  a 136-foot  long  crest  that  was  constructed  on  the 
embankment  section  in  1958  (Photographs  C and  H) . The  masonry 
spillway  and  concrete  chute  spillway  are  separated  by  a 20-foot  sec- 
tion of  embankment.  The  spillway  plan  is  shown  on  Plate  5.  The  con- 
crete chute  spillway  has  a reinforced -concrete  weir  with  a rounded 
crest.  The  weir  is  tied  into  the  masonry  core  wall  with  1-7/8-inch 
diameter,  prestressed  anchor  rods  25  feet  long  on  5-foot  centers.  Spill- 
way details  are  shown  on  Plate  6.  The  chute  has  a variable  bottom  slope 
and  curves  to  the  left.  A concrete  training  wall  at  the  right  side  of  the 
chute  guides  flow  towards  the  main  channel.  Drains  are  provided  under 
the  chute  and  along  the  right  training  wall.  The  masonry  gravity  spillway 
and  chute  spillway  meet  70  feet  downstream  from  the  axis  of  the  dam. 

At  the  right  abutment,  a system  of  ditches  collects  surface 
runoff  and  discharges  it  into  the  stream  through  a 36-inch  BCCMP.  A 
drain  collects  subsurface  water  from  behind  the  concrete  chute  spill- 
way right  wall  and  outlets  into  a manhole  located  at  the  toe  of  the 
embankment.  A 6-inch  clay  pipe  connects  the  manhole  to  the  36-inch 
BCCMP. 


The  outlet  works  is  located  at  the  left  side  of  the  masonry 
gravity  spillway  and  consists  of  the  following  main  features:  a ma- 
sonry approach  channel,  a masonry  Intake  structure,  a masonry  tun- 
nel, a masonry  screen  chamber,  and  three  gatehouses.  A plan  of  the 
outlet  works  is  shown  on  Plate  7.  The  outlet  works  are  also  shown 
on  Photograph  D.  The  piping  consists  of  3 6 -inch  and  48-inch  cast- 
iron  pipes.  The  48-inch  pipe  is  an  emergency  line  for  drawing  down 
the  reservoir  for  repairs.  It  is  also  used  as  a sedimentation  blowoff 
and  for  low-flow  augmentation.  The  36-inch  pipe  is  the  water  supply 
line  with  a 36-inch  branch  that  can  also  be  used  as  an  emergency  line 
or  blowoff.  Manually  operated  gate  valves,  located  in  the  gatehouses, 
are  used  for  controlling  the  discharge. 

2.2  Construction . 

a.  Data  Available.  General  accounts  of  the  construction  pro- 
cedures are  available  for  the  original  structures.  Drawings,  corres- 
pondence, and  photographs  are  on  file  for  the  1916  modifications. 
Drawings,  correspondence,  and  payment  records  are  available  for 
the  1958  repairs  and  improvements. 


b.  Construction  Considerations  . Review  of  the  available 
construction  data  did  not  yield  any  special  concerns  with  respect  to 
the  condition  of  the  dam. 

2.3  Operation . Few  formal  records  of  operation  are  available.  A 
hydrograph  for  the  August  1955  flood,  which  is  the  flood  of  record  for 
Elmhurst,  is  available.  The  dam  has  been  inspected  at  irregular  in- 
tervals by  Commonwealth  authorities  since  1921  and,  in  recent  years, 
annual  Inspections  have  been  made  by  the  Owner.  The  Owner  indi- 
cated that  the  problems  that  were  observed  in  this  inspection  have 
existed  for  several  years  . 

2.4  Other  Investigations . No  known  Investigations  other  than  those 
previously  described  were  reviewed. 

2.5  Evaluation. 

a.  Availability . Engineering  data  was  provided  by  the  Divi- 
sion of  Dams  and  Encroachments , Bureau  of  Water  Quality  Manage- 
ment, Department  of  Environmental  Resources,  Commonwealth  of 
Pennsylvania,  and  by  the  Owner,  Pennsylvania  Gas  and  Water  Com- 
pany. The  Owner  made  available  an  engineer,  dam  operators,  and  a 
valve  crew  for  information  and  operating  demonstrations  during  the 
visual  inspection.  The  Owner  also  researched  his  files  for  addition- 
al Information  upon  request  of  the  inspection  team. 

b.  Adequacy.  The  type  and  amount  of  design  data  and  other 
engineering  data  are  limited,  and  the  assessment  must  be  based  on 
the  combination  of  available  data,  visual  inspection,  performance 
history,  hydraulic  assumptions,  and  hydraulic  assumptions. 

c.  Validity . There  is  no  reason  to  question  the  validity  of 
the  available  data. 
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SECTION  3 


VISUAL  INSPECTION 


3 . 1 Findings . 

a.  General.  The  general  appearance  of  this  project  indicated 
that  some  features  have  deteriorated  with  age  and  are  in  need  of  repair, 
while  other  project  features  have  been  properly  maintained  and  are  in 
good  condition. 

b.  Dam . The  dam  embankment  was  maintained  adequately.  The 
sod  on  the  downstream  surface  was  intact  and  well  maintained.  The  only 
noticeable  problems  were  with  the  surface  runoff  control  system  at  the 
right  abutment.  A 40-foot  long,  36-inch  diameter  BCCMP,  which  is  de- 
signed to  receive  flow  from  a ditch,  had  flow  under  it.  A defective  pipe 
junction  near  the  midpoint  of  the  pipe  has  resulted  in  the  formation  of  an 
18-inch  diameter  sinkhole.  There  were  also  signs  of  inadequate  capac- 
ity of  the  system.  Uncontrolled  overland  flow  has  apparently  produced 
an  eroded  area  just  beyond  the  toe  of  the  embankment.  This  area  was 
filled  with  some  large  stones  (Photograph  E).  The  uncontrolled  flow 
apparently  exits  over  the  most  downstream  monolith  of  the  concrete  chute 
spillway  right  wall  and  along  the  ground  surface  parallel  to  the  back 
face  of  the  wall.  There  was  some  erosion  behind  the  end  of  the  wall  to 

a maximum  depth  of  4 feet  (Photograph  E).  A manhole  that  is  located  at 
the  toe  of  the  embankment  has  two  pipes  entering  and  one  leaving  it.  A 
4-inch  diameter  pipe,  identified  by  the  Owner  as  a spillway  wall  drain, 
had  an  accumulation  of  clayey  soil  at  its  outlet.  The  soil  was  cleared 
away  and  a small,  clear  flow  was  observed.  Probing  the  pipe  indicated 
additional  accumulation  of  soil  along  its  length.  The  second  pipe  enter- 
ing the  manhole,  an  8-inch  diameter  pipe  entering  on  the  uphill  side  from 
the  general  direction  of  the  right  abutment,  had  an  estimated  discharge 
of  5 to  10  gpm  of  clear  water.  Its  source  was  not  determined.  Outflow 
from  the  manhole  entered  the  midpoint  of  the  aforementioned  36 -inch 
BCCMP. 

c . Appurtenant  Structures  . 

(1)  The  downstream  face  of  the  masonry  gravity  spillway 
(Photograph  G)  had  too  much  flow  over  it  to  be  examined  in  detail.  How- 
ever, no  blocks  of  stone  were  missing.  The  upstream  face  has  earthfill 
against  it  and  cannot  be  inspected.  The  stone  masonry  and  mortar  joints 
of  the  spillway  walls  adjacent  to  the  spillway  were  apparently  sound. 

The  outlet  channel  left  wall,  which  is  along  the  spillway  apron,  had  two 
leaks,  both  near  the  base.  Clear  water  was  being  discharged  from  the 
leakage  points.  An  18-inch  diameter  sinkhole  was  in  the  wall  backfill 
above  one  of  the  leakage  points.  Near  the  downstream  end  of  the  wall, 
a portion  that  had  been  repaired  with  concrete  had  two  vertical  cracks 
and  some  spalling  of  the  concrete.  The  cracks  extend  through  the  wall 
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but  no  differential  movement  was  noted.  The  concrete  apron  at  the 
bottom  of  the  masonry  gravity  spillway  (Photograph  F)  was  in  excellent 
condition,  except  that  joint  filler  was  missing  between  two  slabs  near 
the  right  side.  Two  leakage  areas  were  on  the  downstream  face  of  the 
short,  masonry  gravity  section  of  the  dam  that  is  adjacent  to  the  left 
side  of  the  masonry  gravity  spillway  (Photograph  K) . The  leakage  ran 
onto  the  roof  of  the  gatehouse  and  then  into  the  earthfill  along  the  left 
side  of  the  gatehouse. 

(2)  The  concrete  chute  spillway  (Photograph  H)  was  in  ex- 
cellent condition,  and  it  exhibited  only  normal,  uniform  wear.  All  mon- 
olith joints  were  properly  sealed.  However,  the  following  observations 
were  made  in  the  vicinity  of  the  second  and  third  right  wall  monoliths 
from  the  downstream  end:  three  fine  diagonal  cracks,  wider  monolith 
joint  separation  than  at  other  monoliths,  spalling  at  joint  on  back  face, 
a 5-inch  diameter  hole  at  joint  on  front  face  at  apron  level  that  extended 
2 feet  back  under  the  wall,  possible  differential  movement  indicated  by 
1/2-inch  monolith  misalignment  at  top  of  wall,  and  a 5-foot  diameter 
area  on  the  backfill  6 inches  lower  than  adjacent  areas  located  about 

5 feet  back  of  the  middle  of  the  second  monolith.  Apparently,  however, 
none  of  these  deficiencies  has  affected  the  satisfactory  performance  of 
the  wall.  Photograph  L shows  the  location  of  problem  area. 

(3)  About  300  feet  from  the  upstream  end  of  the  right  abut- 
ment wall,  a 6-inch  thick  segment  of  the  concrete  extension  about 

10  feet  in  length  was  cracked  and  heaved. 

(4)  The  concrete  extension  on  the  left  abutment  wall  was  dis- 
integrated at  eight  locations  to  a maximum  depth  of  6 inches.  About 

80  linear  feet  of  wall  was  affected,  and  steel  reinforcement  was  exposed 
in  some  areas.  Seepage  on  the  back  face  of  the  left  abutment  wall  was 
observed  in  the  reach  from  the  gravity  section  of  the  dam  to  a point 
300  feet  upstream.  The  seepage  was  greatest  in  the  first  100  feet  up- 
stream, and  was  generally  located  about  3.5  feet  above  the  level  of  the 
backfill.  The  water  ran  down  the  face  of  the  wall  and  into  the  backfill. 
The  Owner  said  that  an  8-inch  diameter  wall  drain  was  installed  in  1902, 
and  that  it  is  connected  to  a pipe  that  discharges  over  the  left  outlet 
channel  wall  below  the  masonry  gravity  spillway  onto  the  spillway  apron. 
Flow  was  observed  coming  from  that  pipe,  and  it  appeared  that  the  total 
seepage  on  the  back  face  of  the  left  abutment  wall  was  about  equal  to 
the  pipe  discharge.  A wide  diagonal  crack  was  noted  at  an  alignment 
offset  in  the  abutment  wall,  but  no  differential  movement  was  observed. 
Generally,  the  mortar  Joints  on  the  left  abutment  wall  were  sound,  ex- 
cept for  the  top  3 feet,  where  the  Joints  were  generally  in  poor  condition. 

(5)  The  masonry  intake  structure,  intake  tunnel  and  screen 
chamber  were  submerged  and  could  not  be  inspected.  The  overhead 
crane  beam  atop  the  masonry  intake  structure  was  rusted.  The  chain 
hoist,  trolley,  and  trolley  beam  in  the  screen  chamber  building  were 
covered  with  rust.  The  upper  and  middle  gatehouses  had  several  inches 


of  water  on  the  lower  level.  Valves  and  pipes  had  coatings  of  rust.  The 
handrail  around  the  valve  chamber  in  the  middle  gatehouse  was  rusted 
and  ladders  into  the  chamber  were  insecure  and  rusty.  Exposed  gears 
had  coatings  of  rust  and  little  sign  of  lubrication.  Four  men  took 
40  minutes  to  open  the  48-inch  valve  on  the  emergency  conduit  6 inches. 
The  36-inch  and  48-inch  valves  in  the  upper  gatehouse  are  normally 
open.  The  48-inch  cast-iron  emergency  conduit  showed  no  evidence 
of  caulking  at  the  inside  Joints  near  its  outlet.  The  two  36-inch  valves, 
which  are  in  the  lower  gatehouse,  were  rusted  and  paint  was  scaled 
from  the  steel  sections.  The  chain  drives,  gears,  and  stems  on  those 
valves  were  well  lubricated.  There  was  one  handwheel  of  homemade 
construction  for  the  two  gate  valves.  There  was  water  at  the  bottom  of 
the  lower  gatehouse,  but  a heavy  wooden  floor  provided  easy  access  to 
these  valves . 

d.  Reservoir  Area . The  slopes  adjacent  to  the  reservoir  are 
mild.  No  evidence  was  noted  of  creep,  rockslides  or  landslides.  Al- 
though portions  of  the  watershed  are  developed,  the  Owner  indicated 
that  sedimentation  is  not  a problem.  Undeveloped  portions  of  the  water- 
shed have  a hardwood  cover. 

e.  Downstream  Channel.  The  natural  channel  below  the  dam  is 
straight  (Photograph  F).  Immediately  below  the  dam,  the  left  bank  is 
lined  with  Derrick  stone,  except  for  a 25-foot  reach  near  the  end  of  the 
outlet  channel  wall.  The  right  bank  is  unprotected.  There  was  no  evi- 
dence of  undue  erosion  or  instability  of  the  channel  banks.  The  channel 
area  was  generally  clear  except  for  growth  of  small  brush  and  trees  a- 
long  the  channel  banks.  Examination  of  the  brush  indicated  that  it  was 
cut  last  year.  Two  highway  bridges  across  the  channel,  which  are  about 
0.5  mile  downstream  from  Elmhurst  Dam,  might  affect  tailwater  depth  at 
the  dam  during  large  floods.  The  reach  of  stream  channel  below  Elmhurst 
Dam  is  a stocked  trout  stream. 

3 . 2 Evaluation. 

a.  Dam . The  deficiencies  of  the  surface  runoff  system  were 
not  sericus  at  the  time  of  the  inspection.  Although  evidence  of  improper 
functioning  and  inadequate  capacity  were  observed,  the  damage  has  been 
of  a local,  noncritical  nature,  and  results,  primarily,  only  in  a poor 
appearance.  Complete  neglect  over  a long  period  of  time,  however, 
could  result  in  hazard  to  the  right  spillway  wall  Oi  to  the  embankment. 
The  accumulation  of  clay  at  the  end  and  along  the  length  of  the  spillway 
wall  drain  indicates  that  some  migration  of  soil  has  taken  place.  While 
not  appearing  serious  at  the  present  time,  the  effectiveness  of  the  drain 
might  be  impaired . 

b . Appurtenant  Structures  . 

(1)  The  two  leaks  that  were  noted  along  the  base  of  the  left 
wall  along  the  spillway  apron  did  not  present  serious  hazard  to  the  dam 


at  the  time  of  the  inspection.  One  of  the  leakage  points  has  apparently 
resulted  in  the  formation  of  an  18-inch  diameter  sinkhole  behind  the 
wall.  This  hole  has  been  partially  filled  with  large  rock,  but  loss  of 
fine  materials  will  probably  continue.  The  source  of  the  leakage  might 
be  the  leakage  points  on  the  downstream  face  of  the  gravity  section  of 
the  dam.  Timely  attention  to  the  problem  would  ensure  that  no  hazard- 
ous conditions  develop.  The  cracking  along  the  same  wall  does  not 
present  significant  hazard  to  the  dam  at  the  present  time. 

(2)  The  performance  of  the  right  spillway  wall  has  net  been 
affected  by  the  problems  that  were  observed,  but  it  should  be  noted  that 
the  wall  is  a key  feature  of  the  project.  If  the  situation  is  stable,  no 
hazard  exists.  However,  if  the  observed  conditions  are  part  of  an  act- 
ive situation,  unsatisfactory  performance  could  result. 

(3)  The  condition  of  the  concrete  extension  on  the  right  abut- 
ment wall  is  undesirable,  but  does  not  appear  to  present  significant 
hazard.  The  quantity  of  flow  that  would  go  around  the  right  end  of  the 
dam  would  probably  not  seriously  erode  the  embankment. 

(4)  The  condition  of  the  concrete  extension  on  the  left  wall 
is  similar  to  the  right  abutment  wall,  but  it  is  greater  in  extent  and 
would  allow  larger  quantities  of  water  to  overflow.  The  Owner  said 
that  a concrete  apron  was  placed  just  below  the  backfill  surface  to  re- 
sist erosion  of  the  backfill  if  the  wall  were  overtopped.  This  apron  was 
constructed  after  the  1955  flood,  which  resulted  in  severe  backfill 
erosion  when  the  wall  was  overtopped.  The  concrete  apron  would  now 
prevent  such  erosion.  The  effect  of  uncontrolled  flow  around  the  left 
abutment  of  the  dam,  however,  cannot  be  predicted.  At  the  least,  the 
condition  of  the  concrete  extension  is  undesirable.  The  diagonal  crack 
at  the  alignment  offset  was  first  noted  in  1925  and  does  not  appear  to 
present  significant  hazard.  Although  not  noted  in  previous  recent  in- 
spections, the  seepage  through  the  left  abutment  wall  near  the  dam 
appears  to  have  existed  for  some  time.  The  Owner  said  that  the  rate 
has  been  stable.  Although  it  appears  that  this  seepage  is  presently 
collected  and  handled  in  a safe  manner  by  the  wall  drain,  it  is  unde- 
sirable and  the  amount  will  probably  increase  with  time. 

(5)  The  greatest  immediate  concern  for  the  outlet  works  is 
the  leakage  into  the  valve  chambers  of  the  gatehouses.  Because  of  its 
location,  it  requires  special  effort  to  inspect,  and  significant  change 
in  character  might  develop  without  being  readily  apparent.  The  leakage 
will  probably  increase  in  time  and  could  result  in  further  structural  de- 
terioration. The  generally  inadequate  maintenance  of  operating  mech- 
anisms could  affect  the  functioning  of  the  gates  during  emergency  con- 
ditions. Similarly,  hoist  capacity  could  be  reduced  by  corrosion. 

Access  to  the  48-inch  valve  is  hazardous,  and  it  is  considered 
inadequate. 
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c.  Reservoir  Area . No  conditions  were  observed  in  the  reser- 
voir area  that  might  present  significant  hazard  to  the  dam. 


d.  Downstream  Channel.  The  only  feature  of  the  downstream 
channel  that  might  affect  the  dam  is  the  location  of  the  highway  bridges. 
During  large  floods,  the  bridges  might  cause  additional  buildup  of  tail- 
water,  which  would  increase  the  uplift  loading  on  the  dam. 
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SECTION  4 


OPERATIONAL  PROCEDURES 


4.1  Procedures . The  reservoir  level  is  maintained  at  spillway  crest 
Elevation  1422.5  with  excess  reservoir  inflow  flowing  ever  the  spillways. 

A 36-inch  diameter  cast-iron  pipe  water  supply  line  draws  water  from 

the  reservoir  at  Elevation  1385.5  to  gravity  feed  the  distribution  lines. 

The  three  gate  valves  on  the  water  supply  line  are  normally  open;  the 
gate  valve  on  the  branch  blowoff  line  is  closed.  A 48-inch  diameter 
cast-iron  pipe  blowoff  line  with  its  intake  at  Elevation  1380.0  can  dis- 
charge water  into  the  stream  below  the  spillways.  The  upstream  valve 
on  the  blowoff  is  normally  open  and  the  downstream  valve  is  normally 
closed.  The  blowoff  lines  are  not  used  frequently  because  sediment 
from  the  bottom  of  the  reservoir  makes  the  stream  turbid.  The  stream  is 
a trout  stream. 

4.2  Maintenance  of  Dam.  The  dam  is  visited  daily  by  two  caretakers 
who  are  responsible  for  observing  the  general  condition  of  the  dam  and 
appurtenant  structures  and  for  reporting  any  changes  or  deficiencies  to 
the  Engineering  Department  of  Pennsylvania  Gas  and  Water  Company. 

When  the  reservoir  is  below  the  spillway  crest,  the  caretakers  report 

the  reservoir  elevation  to  the  Owner's  Engineering  Department.  This  in- 
formation is  used  by  the  Engineering  Department  for  regulating  flows  in 
the  distribution  system.  A Pennsylvania  Gas  and  Water  Company  eng- 
ineer makes  a formal  inspection  of  the  dam  each  year,  and  the  records 
are  kept  on  file  and  used  for  determining  priority  of  repairs.  Informal 
inspections  are  also  made  when  the  engineer  is  on  the  site  for  other 
reasons.  The  embankment  is  mowed  at  regular  intervals  and  the  brush 

is  cut  annually.  . j 

4.3  Maintenance  of  Operating  Facilities.  Although  some  facilities 
were  properly  maintained,  some  were  not.  It  appears  that  there  is  no 
regular  maintenance  program. 

4.4  Warning  Svs terns  in  Effect.  The  Owner  furnished  the  inspection 
team  with  a chain  of  command  diagram  for  Elmhurst  Dam  and  a genera- 
lized emergency  notification  list  that  is  applicable  for  all  the  Pennsyl- 
vania Gas  and  Water  Company  dams.  The  Owner  said  that  during  periods 
of  heavy  rainfall,  available  personnel  are  dispatched  to  the  dams  to  ob- 
serve conditions.  All  company  vehicles  are  equipped  with  radios,  and 
the  personnel  can  communicate  with  each  other  and  with  a central  con- 
trol facility.  Evaluation  of  risk  is  made  by  the  Owner's  Engineering 
Department.  The  Owner's  Engineering  Department  is  also  responsible 
for  notification  of  emergency  conditions  to  the  local  authorities.  De- 
tailed emergency  operational  procedures  have  not  been  formally  establish- 
ed for  Elmhurst  Dam  but  are  as  directed  by  the  Owner’s  Engineering 
Department . 
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4.5  Evaluation . Except  for  not  opening  the  blowoff  lines  on  a reg- 
ular basis,  the  operational  procedures  appear  to  be  satisfactory.  In- 
frequent operation  of  the  blowoff  lines  could  affect  their  functioning 
satisfactorily  during  emergency  conditions.  The  procedures  used  by 
the  Owner  for  inspecting  the  dam  are  adequate.  Some  of  the  operating 
facilities  are  not  maintained  on  a regular  basis.  In  general,  the  warn- 
ing system  is  adequate,  but  it  would  be  more  effective  if  it  were  more 
detailed . 


SECTION  5 

HYDROLOGY  AND  HYDRAULICS 


5 . 1 Evaluation  of  Features, 
a.  Design  Data. 

(1)  No  hydrologic  and  hydraulic  analyses  for  the  original 
Elmhurst  Dam  design  were  available  for  review.  The  spillway  capacity 
has  been  estimated  several  times  for  the  various  construction  modifi- 
cations that  have  evolved.  Spillway  capacity,  as  used  in  this  Section, 
represents  the  combined  capacity  of  the  masonry  gravity  and  concrete 
chute  spillways. 

(2)  In  the  recommended  guidelines  for  safety  inspection  of 
dams,  the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers  (OCE), 
established  criteria  for  rating  the  capacity  of  spillways.  The  recom- 
mended spillway  design  flood  for  the  size  (intermediate)  and  hazard 
potential  (high)  classification  of  Elmhurst  Dam  is  the  Probable  Maximum 
Flood  (PMF).  If  the  dam  and  spillway  are  not  capable  of  passing  the 
PMF  without  overtopping  failure,  the  spillway  capacity  is  rated  as  in- 
adequate. If  the  dam  and  spillway  are  capable  of  passing  one-half  of 

the  PMF  without  overtopping  failure,  the  spillway  capacity  is  not  rated 
as  seriously  inadequate.  A spillway  capacity  is  rated  as  seriously 
inadequate  if  all  of  the  following  conditions  exist: 

(a)  There  is  a high  hazard  to  loss  of  life  from  large 
flows  downstream  of  the  dam. 

(b)  Dam  failure  resulting  from  overtopping  would 
significantly  increase  the  hazard  to  loss  of  life  downstream  from  the 
dam  from  that  which  would  exist  just  before  overtopping  failure. 

(c)  The  dam  and  spillway  are  not  capable  of  passing 
one-half  of  the  PMF  without  overtopping  failure. 

(3)  In  1958,  Thomas  H.  Wiggin,  Consulting  Engineer, 

New  York  City,  proposed,  among  other  recommendations,  increasing 
the  spillway  capacity  from  12,100  cfs  to  28,700  cfs  by  increasing  the 
existing  masonry  gravity  spillway  capacity  and  adding  a concrete  chute 
spillway.  The  recommended  design  was  tested  through  a model  study 
at  a maximum  discharge  of  31,000  cfs  (Photographs  I and  J).  The 
modifications  were  accepted,  and  the  improvements  were  made  in  1958. 
Although  the  spillway  was  designed  for  a capacity  of  28,700  cfs,  in  the 
model  study  it  was  found  that  31,000  cfs  could  be  passed  without  over- 
topping the  embankment.  For  this  study,  the  31,000  cfs  was  accepted 
as  the  spillway  capacity  (Appendix  C) . 


(4)  The  Elmhurst  watershed  is  partially  owned  by  the 
Pennsylvania  Gas  and  Water  Company.  Some  of  the  watershed  is 
developed.  Hydrologic  analysis  for  this  study  was  based  on  existing 
conditions  and  the  effects  of  future  development  of  the  watershed  were 
not  considered. 

b.  Experience  Data.  For  this  study,  a PMF  peak  previously 
calculated  for  hydro  logically  similar  Stillwater  Reservoir  watershed 
was  transposed  to  the  Elmhurst  watershed.  In  the  same  respect,  a 
PMF  peak  previously  calculated  for  a potential  reservoir  site  on  Fall 
Brook  was  transposed  to  the  Curtis  Reservoir  watershed,  which  is 
located  on  a tributary  of  Roaring  Brook  with  a drainage  area  of 

2.4  square  miles.  Curtis  Dam  is  located  less  than  2,000  feet  from 
the  normal  upstream  limits  of  Elmhurst  Reservoir.  Curtis  Dam  is 
shown  on  Photographs  M and  N.  The  PMF  peak  flow  was  estimated  to 
be  39,930  cfs  at  Elmhurst  and  6,270  cfs  at  Curtis.  The  Curtis  com- 
ponent of  the  Elmhurst  PMF  peak  flow  is  2,570  cfs.  Hydrologic  com- 
putations are  presented  in  Appendix  C. 

c.  Visual  Observation.  On  the  date  of  the  Inspection,  no  con- 
ditions were  observed  that  would  indicate  that  the  spillway  capacity 
would  be  significantly  reduced  during  a flood  occurrence. 

d.  Overtopping  Potential.  Two  cases  were  analyzed  to  check 
the  overtopping  potential.  Case  1 considered  a storm  over  the  entire 
Elmhurst  watershed.  Case  2 considered  a storm  over  the  Curtis  water- 
shed alone.  In  both  cases,  the  effects  of  Lake  Henry  and  the  breached 
Hollister  Dam,  both  upstream  of  Elmhurst  Dam,  were  considered  to  be 
negligible . 

(1)  For  Case  1,  the  Curtis  component  of  the  Elmhurst  PMF 
was  routed  through  the  Curtis  Reservoir,  and  the  outflow  was  added  to 
the  contribution  from  the  i jst  of  the  Elmhurst  watershed.  Based  on  the 
total  time  of  hydrograph  that  is  used,  the  spillway  capacity  of  2,260  cfs 
and  surcharge  storage  effect  of  Curtis  Dam  might  or  might  not  pass  the 
Curtis  component  of  the  Elmhurst  PMF  without  overtopping  Curtis  Dam 
(Appendix  C) . A detailed  analysis  of  this  complex  hydrological  system 
is  beyond  the  scope  of  the  Phase  I hydrology  and  hydraulics  analyses. 
Neglecting  the  Curtis  watershed  completely,  the  PMF  peak  inflow  into 
Elmhurst  would  be  37,360  cfs  (39,930  - 2,570).  This  peak  inflow  of 
37,360  cfs  Into  Elmhurst  Reservoir  is  greater  than  the  spillway  capacity 
of  Elmhurst  Dam.  A check  of  the  surcharge  storage  effect  of  Elmhurst 
Reservoir  shows  that  the  surcharge  storage  available  is  insufficient  to 
contain  an  inflow  with  a peak  flow  of  37,360  cfs  without  overtopping  the 
dam  (Appendix  C) . If  Elmhurst  Dam  should  fail  because  of  overtopping, 
the  potential  for  failure  of  No.  7 Dam,  located  downstream  of  Elmhurst 
Dam,  is  greatly  increased.  A Phase  I Inspection  Report  on  No.  7 Dam 
indicated  that  No.  7 Dam  would  be  overtopped  before  Elmhurst  Dam. 
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(2)  For  Case  2,  the  Curtis  PMF  (6,270  cfs)  was  routed 
through  the  Curtis  Reservoir,  assuming  that  the  Elmhurst  pool  elevation 
is  initially  at  the  normal  pool  (spillway  crest)  and  that  inflow  into 
Elmhurst  Reservoir  other  than  the  Curtis  contribution  is  negligible. 

The  peak  inflow  of  6,270  cfs  is  greater  than  the  spillway  capacity  of 
2,260  cfs  of  Curtis  Dam.  A check  of  the  surcharge  storage  effect  of 
Curtis  Reservoir  shows  that  the  surcharge  storage  available  is  insuffi- 
cient to  contain  an  inflow  with  a peak  flow  of  6,270  cfs  without  over- 
topping the  dam.  One-half  of  the  PMF  of  Curtis  watershed  is  3,135  cfs 
and  is  greater  than  the  spillway  capacity  of  2,260  cfs.  A check  of  the 
surcharge  storage  effect  of  Curtis  Reservoir  shows  that  the  surcharge 
storage  available  is  insufficient  to  contain  an  inflow  with  a peak  flow 
of  3,135  cfs  without  overtopping  the  Curtis  Dam.  An  estimate  of  the 
peak  of  the  failure  hydrograph  of  Curtis  Dam  was  made  and  was  found 
to  be  82,000  cfs  (Appendix  C) . If  Curtis  Dam  fails  because  of  over- 
topping, the  spillway  capacity  and  surcharge  storage  effect  of  Elmhurst 
Dam  are  sufficient  to  contain  an  inflow  with  a peak  of  82,000  cfs  with- 
out overtopping  the  dam,  providing  that  the  inflow  from  the  remaining 
34.9  square  miles  of  watershed  is  negligible.  The  surcharge  storage 
effect  method  used  was  based  on  the  Phase  I hydrology  and  hydraulics 
procedure,  which  disregards  waves  or  surges  that  might  produce 
splashover. 

e.  Downstream  Conditions.  As  shown  on  Plate  1,  approxi- 
mately 30  structures  are  located  along  Roaring  Brook  between  Elmhurst 
Dam  and  No.  7 Dam  that  would  be  affected  by  a failure  of  Elmhurst 
Dam.  The  nearest  structures  are  located  about  0.5  mile  downstream 
from  Elmhurst  Dam  in  the  Village  of  Elmhurst.  Also,  bridges  carrying 
U.S.  Route  611  and  a local  road  in  the  Village  of  Elmhurst  would  be 
affected,  as  well  as  the  Erie-Lackawanna  Railroad  tracks  that  are 
along  the  valley  of  Roaring  Brook.  No.  7 Dam  is  located  about 

6.5  miles  downstream  from  Elmhurst  Dam,  If  Elmhurst  Dam  should  fail 
due  to  overtopping,  the  potential  for  failure  of  No.  7 Dam  would  be 
greatly  increased  if  No.  7 Dam  had  not  failed  previously  due  to  over- 
topping. Approximately  1 mile  below  No.  7 Dam,  the  Erie-Lackawanna 
Railroad  tracks  cross  the  stream.  The  urban  areas  of  Dunmore  and 
Scranton  are  located  about  1.3  miles  below  No.  7 Dam  and  would  be 
affected  by  a large  flow.  The  downstream  conditions  indicate  that  a 
high  hazard  classification  is  warranted  for  Elmhurst  Dam. 

f.  Spillway  Adequacy. 

(1)  The  spillway  will  not  pass  the  PMF  without  overtopping 
the  dam.  Therefore,  based  on  OCE  criteria  as  outlined  in  Paragraph  5.1a(2), 
the  spillway  capacity  of  Elmhurst  Dam  is  rated  as  inadequate.  One-half 
of  the  PMF  of  the  Elmhurst  watershed  is  19,965  cfs  and  is  considerably 
less  than  the  31,000  cfs  spillway  capacity.  Therefore,  based  on  OCE 
criteria  as  outlined  in  Paragraph  5.1a(2),  the  spillway  capacity  of 
Elmhurst  Dam  is  not  rated  as  seriously  inadequate.  For  Curtis  Dam, 
considering  the  effects  of  the  surcharge  storage  of  288  acre-feet,  the 
Curtis  spillway  discharge  capacity  of  2,260  cfs  can  accommodate  a flood 
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with  a peak.  Inflow  of  2,580  cfs  for  a storm  of  the  same  duration  as  the 
Curtis  PMF.  This  is  41  percent  of  the  Curtis  PMF  peak  inflow.  Consid- 
ering the  effects  of  the  combined  Elmhurst  Reservoir  and  Curtis  Reservoir 
surcharge  storage  of  1,934  acre-feet,  the  Elmhurst  spillway  discharge 
capacity  of  31,000  cfs  can  accommodate  a flood  with  a peak  inflow  of 
32,125  cfs  for  a storm  of  the  same  duration  as  the  Elmhurst  PMF.  This 
is  80  percent  of  the  Elmhurst  PMF. 

(2)  The  maximum  tailwater  is  estimated  to  be  Elevation  1380 
at  the  spillway  capacity  of  31,000  cfs.  At  maximum  pool  elevation, 
there  is  a difference  of  about  50  feet  between  headwater  and  tailwater. 

If  Elmhurst  Dam  should  fail  due  to  overtopping  during  the  PMF,  the 
hazard  to  loss  of  life  downstream  from  the  dam  will  be  significantly  in- 
creased from  that  which  would  exist  just  prior  to  overtopping. 
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SECTION  6 


STRUCTURAL  STABILITY 


6 . 1 Evaluation  of  Structural  Stability . 
a . Visual  Observations  . 

(1)  General.  The  visual  inspection  of  the  dam  resulted  in 
several  observations  relevant  to  structural  stability.  These  observa- 
tions are  listed  herein  for  the  various  features. 

(2)  Embankment.  Improper  functioning  of  the  surface  run- 
off control  system  at  the  right  abutment  of  the  dam  was  observed.  An 
accumulation  of  clayey  soil  at  the  outlet  of  the  concrete  spillway  wall 
drain  was  also  noted.  Detailed  descriptions  and  evaluations  of  the 
conditions  are  in  Paragraphs  3.1.b.  and  3. 2. a.,  respectively. 

(3)  Appurtenant  Structures.  Two  leakage  points  at  the  base 
of  the  left  outlet  channel  wall  along  the  masonry  gravity  spillway  apron 
were  observed,  and  two  others  were  noted  on  the  downstream  face  of  the 
masonry  gravity  section  of  the  dam.  Possible  movement  of  the  concrete 
chute  spillway  right  wall  near  its  downstream  end  was  observed.  Leak- 
age was  noted  on  the  back  face  of  the  left  abutment  wall,  and  the  mor- 
tar joints  in  the  top  3 feet  were  generally  in  poor  condition.  Standing 
water  was  observed  at  the  bottom  of  the  two  upper  gatehouses.  Detail- 
ed descriptions  and  evaluations  of  the  conditions  are  in  Paragraphs  3.1.c 
and  3.2.b.,  respectively. 

b.  Design  and  Construction  Data.  No  records  were  reviewed 
of  design  data  or  stability  computations  for  the  original  structures  built 
in  1889  or  for  the  modifications  made  in  1899  and  1902.  However,  stab- 
ility analyses  made  in  1914  and  1915  by  the  Water  Supply  Commission 
of  Pennsylvania  are  on  file,  and  the  analyses  were  used  as  the  bases 
for  modifications  that  were  made  to  the  dam  in  1916.  Included  in  these 
computations  are  stability  analyses  for  the  masonry  gravity  spillway  and 
for  the  two  abutment  walls.  Improvements  made  in  1916  included  lower- 
ing the  spillway  crest  to  increase  its  capacity,  installing  steel  reinforce- 
ment near  the  upstream  face  of  the  spillway  to  strengthen  the  upper  sec- 
tion, and  raising  and  strengthening  the  abutment  walls.  Based  on  corres- 
pondence in  the  files,  the  work  was  accomplished  to  the  satisfaction  of 
the  Commission,  and,  as  far  as  is  known,  the  spillway  strengthening  is 
still  effective. 

Stability  computations  for  the  concrete  chute  spillway  that 
was  built  in  1958  are  also  on  file.  Correspondence  on  file  indicated 
that  the  Water  Power  and  Resources  Board,  Division  of  Dams  and  En- 
croachments, Commonwealth  of  Pennsylvania,  reviewed  the  computations 
and  that  the  permit  application  requirements  were  satisfied.  In  1961, 


the  final  inspection  was  performed,  and  a memorandum  on  file  indicates 
that  the  concrete  chute  spillway  was  completed  to  the  satisfaction  of 
the  Division  of  Dams  and  Encroachments. 

For  this  study,  stability  analyses  were  made  for  the  mason- 
ry gravity  spillway  and  for  the  left  abutment  wall,  which  are  the  two 
features  that  were  judged  most  likely  not  to  meet  OCE  criteria  for  stab- 
ility. The  analyses  used  water  at  maximum  pool  level,  and  only  the 
bottom  of  each  section  was  considered.  For  both  structures,  the  toe 
pressure  and  sliding  factor  are  within  acceptable  limits.  The  resultant 
is  outside  the  middle  third,  but  it  is  within  the  base.  OCE  guidelines 
on  overturning  recommend  that  the  resultant  be  within  the  middle  third. 
Although  the  resultants  for  both  structures  are  outside  the  middle  third, 
they  are  within  the  base,  and  considering  that  the  toe  pressures  are 
within  acceptable  limits,  the  resultants  being  outside  the  middle  third 
is  not  considered  to  be  a significant  deviation  from  the  recommended 
guidelines.  Experience  data  is  also  available  to  confirm  this  evaluation 
as  discussed  in  the  next  paragraph. 

c.  Operating  Records.  Based  on  the  operating  records,  there 
is  no  evidence  that  any  stability  problems  have  occurred  for  the  abut- 
ment walls,  embankment,  masonry  gravity  spillway,  concrete  chute 
spillway,  or  the  masonry  gravity  portion  of  the  dam.  During  the 
August  1955  flood,  water  was  within  6 inches  of  the  present  maximum 
pool  elevation,  and  damages  were  incurred  to  the  spillway  apron  and 
behind  the  left  abutment  wall,  which  was  overtopped  by  about  6 inches. 
However,  the  damages  were  not  related  to  what  is  considered  as  stab- 
ility problems . 

d.  Post-Construction  Chances.  As  noted  herein,  there  is  ade- 
quate information  on  file  concerning  modifications  made  to  Elmhurst  Dam 
after  1916. 


e.  Seismic  Stability.  Elmhurst  Dam  is  located  in  Seismic 
Zone  1.  Normally,  it  can  be  considered  that  if  a dam  in  this  zone  is 
stable  under  static  loading  conditions,  it  can  be  assumed  safe  for  any 
expected  earthquake  loading.  However,  since  there  is  the  potential 
of  earthquake  forces  moving  or  cracking  the  masonry  core  wall,  the 
theoretical  seismic  stability  of  this  dam  cannot  be  assessed. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES 


7.1  Pair.  Assessment, 
a.  Safety . 

(1)  Based  on  the  visual  inspection,  available  records,  cal- 
culations and  past  operational  performance,  Elmhurst  Dam  is  judged 
to  be  in  good  condition.  However,  some  maintenance  and  repair  defi- 
ciencies were  noted.  A summary  of  features  and  observed  deficiencies 
are  listed  below: 

Feature  and  Location Observed  Deficiencies 


Surface  Runoff  Control  System: 
Area  adjacent  to  embankment 


Manhole 


Gravity  Section  of  Dam: 

Downstream  face 
Masonry  Gravity  Spillway; 

Outlet  channel  left  wall 

Concrete 

Concrete  Chute  Spillway: 

Right  wall  (near  downstream  end) 

Right  Abutment  Wall: 

Near  upstream  end 


Flow  under  pipe. 
Defective  pipe  junction. 
Uncontrolled  flow. 
Eroded  areas. 

Soil  accumulated  at  end 
of  concrete  chute  spill- 
way wall  drain  in 
manhole . 


Leakage. 


Leakage;  sinkhole; 
vertical  cracks. 

Loss  of  monolith  joint 
filler. 


Possible  movement; 

5 -inch  diameter  hole  at 
base;  cracking. 


Concrete  extension 
cracked  and  heaved. 
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Feature  and  Location 


Observed  Deficiencies 


Concrete  extension 
disintegrated. 

Leakage . 

Diagonal  crack. 

Masonry  joints  in  poor 
condition. 

Lack  of  regular  mainte- 
nance; hazardous  access. 

Leakage  into  gatehouses. 

Bridges  obstruct  channel. 

(2)  The  overtopping  potential  analysis  shows  that  Elmhurst 
Dam  will  be  overtopped  by  the  PMF.  Therefore,  based  on  the  criteria 
(OCE  Guidelines),  the  spillway  is  rated  as  inadequate.  Hydrologic 
and  hydraulic  analyses  show  that  one-half  the  PMF  peak  inflow  is  less 
than  the  spillway  capacity,  therefore,  based  on  the  criteria  (OCE 
Guidelines),  the  spillway  capacity  is  not  rated  as  seriously  inadequate. 
The  existing  spillway  can  accommodate  a flood  with  a peak  inflow  of 

80  percent  of  the  PMF  peak  inflow.  Additional  analyses  for  the  over- 
topping potential  of  Elmhurst  Dam  included  consideration  of  the 
hydrologic  and  hydraulic  effects  of  Curtis  Dam,  which  is  located  on 
White  Oak  Run  about  1.4  miles  upstream  from  Elmhurst  Dam.  Results 
of  the  analyses  show  that  Curtis  Dam  will  be  overtopped  by  one-half 
the  PMF  (storm  over  Curtis  watershed  alone) . A failure  hydrograph  of 
Curtis  Dam  was  made,  and  it  was  found  that  if  Curtis  Dam  failed,  the 
spillway  capacity  and  surcharge  storage  effect  of  Elmhurst  Dam  are 
sufficient  to  contain  the  peak  inflow  of  the  failure  hydrograph  without 
overtopping  the  dam,  if  inflow  from  the  remaining  drainage  area  above 
Elmhurst  Dam  is  negligible. 

(3)  Review  of  stability  computations  that  are  on  file  and 
computations  performed  for  this  study  indicate  that  the  masonry  gravity 
spillway  and  the  left  abutment  wall  are  apparently  structurally  adequate 
for  the  maximum  pool  condition.  For  the  maximum  pool  condition,  com- 
putations show  that  the  resultants  are  outside  the  middle  third,  but 
within  the  base,  and  that  sliding  factors  and  toe  pressures  are  within 
acceptable  limits.  Experience  data  is  available  to  confirm  the  stability 
of  these  sections.  During  the  August  1955  flood,  water  was  within 

6 inches  of  the  present  maximum  pool  elevation. 


Left  Abutment  Wall: 
Various  locations 

Near  downstream  end 
Change  in  alignment 
Top  3 feet 


Outlet  Works; 


Downstream  Channel: 
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(4)  Computations  for  the  stability  of  the  concrete  chute  spill- 
way that  was  added  in  1958  were  not  reviewed.  Correspondence  on  file 
indicated  that  a review  of  the  computations  was  made  by  the  Water 
Power  and  Resources  Board,  Division  of  Dams  and  Encroachments , 
Commonwealth  of  Pennsylvania,  and  that  the  computations  satisfied 
permit  application  requirements.  In  1961,  a final  inspection  of  the 
construction  work  was  made  and  a memorandum  on  file  indicates  that 
the  concrete  chute  spillway  was  completed  to  the  satisfaction  of  the 
Division  of  Dams  and  Encroachments. 

b.  Adequacy  of  Information.  The  information  available  is  such 
that  an  assessment  of  the  condition  of  the  dam  can  be  inferred  from  the 
combination  of  visual  inspection,  past  performance,  computations  per- 
formed prior  to  and  as  a part  of  this  study,  and  other  information. 

c.  Urgency.  The  recommendations  in  Paragraph  7.2  should  be 
implemented  as  soon  as  practical  or  in  a timely  manner  as  noted. 

d.  Necessity  for  Further  Investigations.  In  order  to  accomplish 
some  of  the  remedial  measures  outlined  in  Paragraph  7.2,  further  inves- 
tigations will  be  required. 

7.2  Recommendations  and  Remedial  Measures. 

a.  Due  to  the  potential  for  overtopping  of  the  dam,  the  following 
measure  is  recommended  to  be  undertaken  by  the  Owner  as  soon  as 
practical: 

(1)  Develop  a detailed  emergency  operation  and  warning 
system  for  Elmhurst  Dam. 

b.  In  order  to  correct  operational,  maintenance  and  repair  defi- 
ciencies and  to  more  accurately  determine  the  condition  of  the  dam, 
the  following  measures  are  recommended  to  be  undertaken  by  the 
Owner  in  a timely  manner: 

(1)  Repair  stone  masonry  to  eliminate  leakage  through  down- 
stream face  of  gravity  section  of  dam,  gatehouse  walls,  and  left  abut- 
ment wall.  Repair  deteriorated  stone  masonry  along  top  3 feet  of  left 
abutment  wall, 

(2)  Operate  the  valves  on  the  gated  outlets  periodically  to 
ensure  they  will  be  functional  during  emergency  conditions.  Lubricate 
the  operating  mechanisms  and  repair  or  replace  hazardous  access 
facilitie  s . 

(3)  Repair  concrete  extensions  on  right  abutment  wall  and 
left  abutment  wall. 

(4)  Monitor  right  wall  of  concrete  chute  spillway  for  movement. 


L 


(5)  Evaluate  effect  of  possible  improper  functioning  of  con- 
crete chute  spillway  wall  drain  with  respect  to  design  function.  If 
drain  must  be  functional,  Install  several  observation  wells  in  the  drain 
to  determine  the  extent  of  hydrostatic  pressure  on  the  wall  and  to  deter- 
mine if  repairs  to  the  drain  are  necessary.  If  installed,  monitor  wells 
to  see  if  condition  worsens. 

(6)  Perform  repairs  on  surface  runoff  control  system,  outlet 
channel  left  wall,  concrete  apron  joint  below  masonry  gravity  spillway, 
and  hole  at  base  of  concrete  chute  spillway  right  wall. 

c.  The  following  measures  are  recommended  to  be  undertaken 
by  the  Owner  when  the  need  arises: 

(1)  Provide  round-the-clock  surveillance  of  Elmhurst  Dam 
during  periods  of  unusually  heavy  rains. 

(2)  When  warnings  of  a storm  of  major  proportions  are  given 
by  the  National  Weather  Service , the  Owner  should  activate  his  emer- 
gency operation  and  warning  system  procedures. 
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APPENDIX  A 

CHECKLIST  - ENGINEERING  DATA 


POSTCONSTRUCTION  SURVEYS  OF  DAM  None 


o 


CHECKLIST 


ENGINEERING  DATA 

HYDROLOGY  AND  HYDRAULICS 

NDS  DER 

NAME  OF  DAM:  Elmhurst ID  NO . : 296 ID  NO . : 3 5-18_ 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  Elevation  1422  

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  Elevation  1431^5 

ELEVATION  MAXIMUM  DESIGN  POOL:  Elevation  1431.5 

ELEVATION  TOP  DAM:  Elevation  1431.5 


SPILLWAY  CREST: 

a.  Elevation  Masonry: 

b.  Type 


Elevation  1422 . 5 


Concrete:  Elevation  1422.5 


Masonry:  Broad  crested 


Concrete:  Rounded  crest 


c . Width  Masonry7:  9. 5 feet 


Concrete:  Not  Applicable 


d . Length  

e.  Location  Spillover 


Masonry:  153.3  feet 

Masonry:  Left 


Concrete:  136  feet 


Concrete:  Right 


f . Number  and  Type  of  Gates  None 


OUTLET  WORKS: 

a.  Type  Low  level  tunnel  and  cast-iron  pipes 


b. 

c 


Location  Left  abutment — ,aap-  c 

c.  Entrance  Inverts  Tunnel:  1376.5;  48-inch  CIP:  1380.0;  36-inch  CIP:  * . 

d . Exit  Inverts  Tunnel:  not  applicable;  48-lnch  CIP:  1378.6;  36-lncn  CIPj_l37 8.1. 

Emergency  Draindown  Facilities  36~lnch  and  48~lnch  cast~iron  pipe 


HYDROMETEOROLOGICAL  GAGES: 

a . Type None 

b.  Location  None 

c.  Records  None 


MAXIMUM  NONDAMAGING  DISCHARGE:  Unknown. 
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ELMHURST  DAM 


A.  View  from  Left  Abutment 
Left  Abutment  Wall,  Intake  Structure, 
Screen  Chamber  Building,  and 
Approach  to  Spillways 


B.  Masonry  Gravity  Spillway  and 
Concrete  Chute  Spillway 
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ELMHURST  DAM 


D.  View  from  Downstream  Right  Abutment 
Showing  Screen  Chamber  Building  and 
Three  Gatehouses 
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ELMHURST  DAM 


I.  Discharge  of  31,000  cfs  on  Model 
at  Alden  Hydraulic  Laboratory  (1958) 


I.  Discharge  of  31,000  cfs  on  Model 
at  Alden  Hydraulic  Laboratory  (1958) 
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K.  Downstream  Face  of  Masonry  Gravity  Section 
and  Screen  Chamber  Building 
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APPENDIX  E 
GEOLOGY 


1.  General  Geology.  The  damsite  and  reservoir  are  located 
in  the  northeastern  portion  of  Lackawanna  County.  Lackawanna 
County  was  completely  covered  with  ice  during  the  last  continental 
glaciation  of  Pleistocene  time.  The  general  direction  of  ice  move- 
ment was  S 35°-40°  W.  Glacial  drift  covers  the  entire  County,  except 
where  subsequent  erosion  has  removed  it.  Thick  deposits  of  glacial 
outwash  occur  in  many  places  along  the  Lackawanna  River,  and  are 
50  to  100  feet  thick  near  Dickson,  Scranton,  and  Moosic. 

The  only  important  structural  feature  in  Lackawanna  County 
is  the  Lackawanna  Syncline,  which  traverses  the  County  in  a south- 
westerly direction.  The  syncline  enters  the  County  at  the  northeast 
comer  as  a narrow  shallow  trough,  gradually  deepens  and  broadens 
toward  the  southwest,  and  reaches  its  maximum  development  in 
Luzerne  County.  The  rock  formations  exposed  range  from  the  post- 
Pottsville  formations  ( youngest ) through  the  Pottsville,  Mauch  Chunk 
shale,  Pocono  sandstone  to  the  Damascus  formation  of  the  Catskill 
group  (oldest).  The  rim  rocks,  the  Pottsville  formation  and  Pocono 
sandstone,  have  dips  that  rarely  exceed  10°  to  20°  and  form  a rather 
simple  syncline.  The  core  rocks,  the  post-Pottsville  formations,  are 
folded  into  a series  of  minor  anticlines  and  synclines  which  trend 
about  N 70°  E.  The  rocks  in  the  northwestern  and  southeastern  parts 
of  the  County,  outside  of  the  limits  of  the  Lackawanna  Syncline,  are 
generally  horizontally  stratified. 

The  Lackawanna  River,  in  general,  follows  the  axis  of  the 
Lackawanna  Syncline.  Southeast  of  the  Lackawanna  River,  the  rise  in 
terrain  is  quite  gradual  and  the  crests  of  the  high  mountains  are  sever- 
al miles  from  the  Lackawanna  River.  Streams,  such  as  Roaring  Brook 
and  Stafford  Meadow  Brook,  have  cut  deep  canyons  through  the  moun- 
tains and  follow  a tortuous  course  to  their  confluence  with  the  Lacka- 
wanna River  near  Scranton,  Pennsylvania.  In  the  area  of  interest,  the 
Lackawanna  River  streambed  is  founded  in  post-Pottsville  formations. 
Proceeding  uphill  from  the  river,  the  older  Pottsville  formation,  Mauch 
Chunk  shale,  Pocono  sandstone,  and  Catskill  continental  group  are 
encountered  in  turn.  The  tributary  streams,  in  flowing  down  the  moun- 
tains, have  generally  cut  through  or  around  the  hard  sandstone  and 
conglomerate  members , and  have  eroded  their  streambed  into  the  softer 
shales  and  glacial  till.  The  Catskill  continental  group  of  rocks  under- 
lies the  greater  part  of  Lackawanna  County. 
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2.  Site  Geology.  Elmhurst  Dam  is  founded  In  the  sandstones 
and  shales  of  the  Catskill  group.  The  left  abutment  of  the  dam  is  keyed 
into  an  outcrop  of  hard,  horizontally  stratified,  massive,  red-and-green 
Catskill  sandstone.  As  is  characteristic  of  numerous  other  streams  in 
this  section  of  the  State,  the  stream  itself  and  the  opposite,  or  right 
abutment,  is  founded  in  decomposed  Catskill  shale,  probably  the 
Damascus  formation,  or  on  glacial  till.  The  1914  reports  of  the 
Pennsylvania  Water  Supply  Commission  indicated  that  the  left  half  of 
the  dam  was  founded  on  rock;  while  the  right  half  was  founded  on  a 
stiff  clay  — with  the  abrupt  transition  occurring  near  the  center  of  the 
masonry  spillway.  The  rock,  however,  afforded  a good  foundation  for 
the  towers , and  gate  chamber  and  a runway  for  the  blowoff  pipe . The 
new  spillway  was  constructed  upon  the  original  right-half  embankment 
of  the  dam . 


